A pproximately 387 000 patients per year present to US emergency departments (EDs) with eye injuries, and children represent up to one-third of those injured. 1, 2 Ocular injuries are among the leading causes of deprivation amblyopia, bilateral low vision, noncongenital monocular blindness, and long-term acquired visual disability.
3,4 Children's visual systems are not fully developed, rendering them particularly vulnerable to adverse effects from injury. 5, 6 Moreover, premature disability and its accompanying fiscal and psychological consequences disproportionately affect the lives of children. 3, 4, 7 Designing prevention efforts requires a detailed understanding of the characteristics of children experiencing ocular injury. While prior studies report general demographic characteristics, settings, and mechanisms of ocular injury, the literature frequently lacks description of visual outcomes and demographic or mechanistic profiles of children at greatest risk for traumatic blindness. 8 As an example, it has been reported that anywhere from 1% to 56% of patients with ocular trauma experience moderate to severe vision loss, while 1% to 59.3% experience subsequent blindness or enucleation. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] These estimates are highly variable, were generated from small study samples, and are difficult to compare owing to the dissimilar medical and economic infrastructures in each participating region of the world. The US Centers for Disease Control and Prevention and the Agency for Healthcare Research and Quality have reported that ED visits for ocular injuries are decreasing; however, they do not identify specific patient or injury characteristics associated with this decline.
1,2,4,5 Our study aimed to explore the national prevalence of pediatric acute ocular trauma in the United States and to explore trends during a 9-year span, with a focus on mechanisms of injury and their association with population demographic characteristics and risk of vision loss.
Methods

Data Source
The Nationwide Emergency Department Sample (NEDS) collects information on patients in a cross-section of US hospitals. Participating institutions are stratified according to geographic region defined by the US Census Bureau, urban or rural location, teaching or nonteaching status, ownership status, and trauma-level designation, thereby providing a representative sample of ED encounters nationwide. 
Identification of ED Visits Relating to Acute Ocular Trauma
International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes were used to identify ED visits for patients with acute ocular injury (eTable 1 in the Supplement). Previous studies exploring acute ocular injuries in the United States limited focus to ICD-9-CM codes for ocular injury within the injury and poisoning range, an approach that neglects diagnoses that reflect an injury when paired with an ICD-9-CM external-cause-of-injury code (E-code). [27] [28] [29] [30] [31] [32] [33] [34] These studies also included superficial eye injury codes (eg, insect on the eye), which do not represent ocular trauma unless accompanied by an E-code. [27] [28] [29] [30] [31] [32] [33] [34] To mitigate this, eye-related ICD-9-CM codes were reviewed and classified into 4 categories: ocular trauma by definition alone (eTable 1 in the Supplement); ocular trauma when occurring simultaneously with an appropriate E-code (eTable 2 in the Supplement); chronic complications of eye trauma; and injuries resulting from a nontraumatic mechanism. We first queried NEDS records for any diagnosis in the acute or acute when paired with E-code categories. We excluded children whose ED disposition indicated transfer to another acute care facility to avoid double counting. Children who had concurrent diagnosis codes or E-codes indicative of chronic or nontraumatic eye injuries were excluded from the cohort to avoid double counting an injury event and to identify truly acute events. Children who had only ambiguous visual disturbances or injury to the optic pathway posterior to the optic chiasm were removed to exclude visual disturbances that were the result of nonocular neurologic etiologies. Data on all NEDS variables were collected for the final cohort, including information on patient demographic characteristics, mechanism of injury, treating ED characteristics, and ED disposition.
Classification of Ocular Injury
Mechanism of Injury
We grouped E-codes into 30 categories based on US Centers for Disease Control and Prevention guidelines as well as the biomechanical forces and potential risk surrounding the activity (eTable 3 in the Supplement). Children who had more than 1 E-code were classified according to the mechanism that had the most descriptive quality and greatest potential to inform prevention efforts. For example, a patient with motor vehicle collision (MVC) and strike to the eye codes was included only in the MVC category. Codes for discrete causes of injury, such as MVCs, powder/nonpowder guns, and sports, were given higher priority compared with nonspecific mechanisms, such as falls, cutting/piercing, or strikes, because the latter are vague and not easily addressed through intervention.
Risk of Vision Loss
We consulted 6 clinical ophthalmologists to design a hierarchical model for classifying and ranking diagnosis codes based on risk of vision loss (eTable 4 in the Supplement). Diagnoses were assigned to 1 of 3 categories: high risk, considered pathognomonic for vision loss; variable risk, indicating a need for injury monitoring; and low risk, anticipated as vision sparing. Injuries were assigned to these classifications based on the location of the injury with the clinical premise that superficial and anterior injuries are less severe than those affecting the posterior pole. This classification scheme was generated using a modified Delphi approach, during which clinicians were cognitively debriefed on their reasoning for assigning diagnoses to various risk categories.
Statistical Analysis
Statistical analyses were conducted with SAS Enterprise Guide, version 7.11 HF3 (SAS Institute Inc). The NEDS database supplied weights and other sampling information, which allowed for the calculation of national estimates and 95% confidence intervals.
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Linear regression was used to calculate the percentage change in the annual point estimates during the study period. Because some E-codes for the definition of sports-related and household activity-related ocular injuries did not exist or were not used by all EDs before 2010, the percentage of change in these mechanism categories are estimated from 2010 to 2014. Prevalence rates were generated using population estimates for the corresponding age, sex, and region groups when appropriate; otherwise, the prevalence denominator was children from birth to age 17 years for each year. 35, 36 To identify associations between patient demographic characteristics, mechanisms of injury, and increased risk of vision loss, we fit 2 separate logistic regression models that compared the high-risk and variable-risk groups with the lowrisk group. To protect patient confidentiality, HCUP data users agree not to show cells with sample sizes of 10 or less; thus, only confidence intervals are presented for national estimates with small sample sizes. We generated 95% confidence intervals for the percentage change over time and for the adjusted odds ratios. We set statistical significance at a 2-sided P value less than .05; for percentage change, this represents 95% confidence intervals that do not contain 0 and for odds ratios, 95% confidence intervals that do not contain 1.
Results
In total, NEDS data from 2006 to 2014 included 53 569 176 pediatric patient records. Following application of our inclusion and exclusion criteria, 376 040 discrete cases of pediatric acute ocular injury remained, which, when weighted, represents 1 713 710 ED visits for pediatric acute ocular injury nationally during the study period ( Figure) .
Characteristics of Children Presenting to the ED With Acute Ocular Injury in 2014
The overall 2014 population prevalence rate for pediatric acute ocular injury ED visits was 2221 injuries per million children (95% CI, 2055-2387) ( Table 1 ). Population prevalence rates were highest among boys (2740 injuries per million children; 95% CI, 2537-2943) and in children from birth to age 4 years (2903 per million children; 95% CI, 2632-3173). The highest proportion of affected children lived in the South (35.2%; 95% CI, 31.6-38.9). However, prevalence rates were highest for children residing in the Northeast (3075 per million children; 95% CI, 2607-3544). Most injured children resided in large metropolitan regions (50.3%; 95% CI, 46.8-53.8) with populations greater than 1 000 000. The largest proportion of children resided in zip codes where the median household income was in the lowest quartile (29.9%; 95% CI, 27.6-32.2), and most injured children were covered by public insurance (56.6%; 95% CI,54.9-58.4).
Strikes (22.5%; 95% CI, 21.3-23.8), falls (10.5%; 95% CI, 9.8-11.3), and foreign bodies (8.5%; 95% CI, 7.9-9.0) were common reported mechanisms of acute ocular injury ( Table 2) . Sports injuries were also prevalent (14.2%; 95% CI, 12.2-16.1), with the specific subcategories of ball sports, ball sports with stick/racquet, and road sports being more common causes of acute ocular injury than winter sports, water sports, sports from a height, and dance sports/sports from moderate height. Most pediatric acute ocular injuries occurred in the adnexa (43.7%; 95% CI, 42.7-44.8) and cornea (27.2%; 95% CI, 26.1-28.2) ( Table 3) . Accordingly, injuries at low risk for vision loss (84.2%; 95% CI, 83.5-85.0) were more prevalent than When stratified by risk for vision loss, decreases were greatest in the high-risk subcategory (−42.3%; 95% CI, −45.0 to − 39.7) compared with variable risk (−24.3%; 95% CI, −26.0 to −22.6) and low risk (−26.0%; 95% CI, −27.3 to −24.8) (Table 3) . Accordingly, the most substantial decreases were observed for injuries to the lens (−75.6%; 95% CI, −83.6 to −67.6) and iris (−49.2%; 95% CI, −63.7 to −34.7). Table 2 ). These overarching trends were observed across all vision loss risk categories and age groups (eTables 5 and 6 in the Supplement).
Independent Risk Factors for Sustaining Acute Ocular Injuries at High and Variable Risk for Vision Loss
Compared with children with low-risk injuries, young age (birth to 4 years) and sex were associated with high-risk injuries, while being older than 4 years and living in a household with a median income in the lowest quartile were associated with variable risk injuries ( Table 4) . Specific mechanism categories were associated with high-risk injuries when using ground-level falls for comparison, including other sports activities, animal care, being hit by a motor vehicle, cutting/piercing instruments, chemical/thermal burns, violence, and guns. Specific mechanism categories associated with variable-risk injuries included road sports, winter sports, water sports, ball sports, ball sports with stick/ racquet, dance sports/sports from moderate height, strikes owing to sports, other sports/physical activities, other home activities except animal care, strikes to the eye, chemical/ thermal burns, violence, and guns.
Discussion
During the study, ED visits for pediatric acute ocular injury decreased by 26.1%, with a 42.3% decrease in injuries at high risk for vision loss. Despite this decline, a child visited the ED for acute ocular injury every 3 minutes in 2014, and 1 of 100 of these visits were for vision-compromising injuries. Sports and household/domestic activities were causes of acute ocular injury that increased and were associated with variable or high risk for vision loss. Notable declines occurred in injuries related to motor vehicles, chemical or thermal burns, and guns. Consistent with other studies, we observed that most acute ocular injuries in children had a low risk of vision loss.
28,37 However, there were particular demographic characteristics and mechanisms that were prevalent and associated with high or variable risk for vision loss that can serve to guide public health efforts. Children from birth to age 4 years had the highest probability of experiencing ocular trauma and were more likely to sustain a high risk of vision loss injury compared with other age groups. This is perhaps explained by parent or caregiver inattention combined with domestic hazards, such as exposure to household cleaners or pets. 9, 10, 27, [38] [39] [40] [41] Household cleaners, children's toys incorporating projectiles, and sharp-edged domestic items are leading causes of vision-threatening burns or penetration of the globe, particularly in young children.
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Laws requiring manufacturers to inform consumers of potential dangers and minimize the inherent risks associated with particular products by including child-resistant packaging, printed warnings, and age recommendations are successful prevention approaches. 42 However, manufacturer standards are often reactionary, and there is an opportunity for better premarket safety testing guidelines. Colorful or otherwise appealing packaging poses an ongoing hazard to young children, as do incomplete instructions for parents regarding storage or disposal of potentially dangerous household items. 43 Primary care
clinicians can play a role in prevention by educating caregivers regarding items that can threaten their child's vision if mishandled and making recommendations for keeping chemical products out of reach in locked cupboards and for eye pro- tection and supervision when children are playing with toys that have sharp edges or kinetic properties. Ocular injuries related to animal care increased during our study and were associated with injuries at high risk of vision loss. It is estimated that more than one-third of US households own at least 1 dog and that most dog bites occur in the home and involve the face and head. 41, [44] [45] [46] Young children in these studies were much more likely to be bit and to have more severe bites. 41, 44, 45 Young children do not have the cognitive capacity to appropriately interact with dogs without supervision. Targeted education of pet owners regarding the risk of dog bites to young children can be provided by veterinarians and physicians or through public service media campaigns in partnership with the pet industry. Across all age groups, sports were a prevalent cause of injury that increased during the study period and were associated with variable risk injuries. More than 70% of US children participate in sports, and accordingly, there are efforts to reduce sports-related ocular trauma. 47 Standards for sportspecific protective eyewear include recommendations for polycarbonate versions of baseball faceguards, football helmet shields, hockey masks, and lenses or goggles for other ball and water sports. 48 There are also regulations regarding manufacturing specifications and use of eye protectors for children playing baseball, basketball, lacrosse, soccer, hockey, skiing, and paintball. 49 However, protective eyewear use in sports is not compulsory in schools or youth sports leagues. 50 In studies where mandatory protective eyewear rules were enforced, high school field hockey and lacrosse players experienced up to 80% fewer eye/orbital injuries. 51, 52 No singular demographic characteristic or mechanism accounts for the observed decrease in ocular injury-related ED visits during the study period. This trend may reflect a shift in children's use of free time away from unstructured, active play toward sedentary, indoor activities, such as watching television or playing video games. 53 Children now engage in less kinetic play and thus have fewer opportunities for accidental Disorders of lacrimal system 375. 16, 375.20, 375.22, 375.51, 375.69, 375.89, 375.9 Disorders of the orbit 376. 30, 376.32, 376.33, 376.36, 376.40, 376.47, 376.52, 376.89, 376. classified, injured person not otherwise specified E8192: Traffic accident not otherwise specified, motorcycle driver injured E8193: Traffic accident not otherwise specified, motorcycle passenger injured E8195: Traffic accident not otherwise specified, animal rider injured E8196: Traffic accident not otherwise specified, cyclist injured E8197: Traffic accident not otherwise specified, pedestrian injured E8198: Traffic accident not otherwise specified, injured person not elsewhere classified E8199: Traffic accident not otherwise specified, injured person not otherwise specified E8222: Other collision with moving object, motorcycle driver injured E8224: Other collision with moving object, street car occupant injured E8226: Other collision with moving object, cyclist injured 375.16, 375.20, 375.22, 375.51, 375.69, 375.89-375.9 Disorders of the orbit 376. 33, 376.36, 376.40, 376.47, 376.52, 376.89-376.9 Strabismus and other disorders of binocular eye movements
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